Background We describe a patient with tardy ulnar neuropathy and cubitus valgus deformity found to have an intracapsular ulnar nerve. Methods An 89-year-old woman presented with severe neuropathic pain in the ulnar digits of the hand, advanced degenerative arthritis of the elbow, and tardy ulnar nerve palsy. Her pain was exacerbated with elbow movement, particularly flexion. She had paralysis of ulnar nerve innervated muscles, hypersensitivity with absence of two-point discrimination in her ulnar 1-1/2 digits, and a fixed ulnar claw deformity. She also had a grossly unstable elbow. Results Plain films revealed a cubitus valgus deformity (38°), an absent radial head, a dislocated proximal radioulnar joint and advanced arthritic changes. Ultrasonography revealed an indistinct ulnar nerve within the cubital tunnel which penetrated the joint. Electrophysiological studies revealed evidence of a severe ulnar neuropathy at the level of the elbow. Intraoperatively, an attenuated 2 cm length of the retrocondylar ulnar nerve was observed to be incorporated into the joint capsule tethered by a fibrous/synovial band which was released. A large effusion was drained. The ulnar nerve was transposed subcutaneously. The capsular rent was repaired in layers. She noted immediate and sustained (2 year follow-up) pain relief and regained moderate function in her interossei. Conclusions We believe that the chronic cubitus valgus deformity and secondary degenerative elbow joint changes led to an altered course of the nerve and attenuation of the medial joint capsule such that the ulnar nerve spontaneously buttonholed itself intra-articularly.
Introduction
Cubitus valgus is a rare but well-known cause of ulnar neuropathy. In 1878, Panas first described tardy ulnar nerve palsy in patients with cubitus valgus deformity following elbow trauma [19] . Classic descriptions have reinforced the association [1, 3, 4, 7, 10, 13, 15, 20, 22] . The term tardy or delayed ulnar nerve palsy still remains in use though it has broadened over the years to include other causes, including osteoarthritis [18] . It classically occurs years or even decades following trauma and is thought to be due to compression/ stretching of the nerve or friction (particularly with dislocation of the nerve and a shallow sulcus), especially in elbow flexion [9, 26] . We describe a patient with a degenerative cubitus valgus deformity in whom the ulnar nerve was found to be buttonholed into the humero-ulnar joint. This case illustrates the important, interrelated biomechanical effects of the altered carrying angle from a chronic cubitus valgus deformity on the ulnar nerve as well as the medial elbow joint structures.
Case Report
An 89-year-old woman with advanced degenerative osteoarthritis of the dominant left elbow presented with severe pain, atrophy, lack of function, and sensation in her left hand for at least 13 years. She had previously (1998) undergone resection of a ganglion cyst originating from the elbow joint through an anterior approach. The surgeon had considered releasing the ulnar nerve in the cubital tunnel at that time but chose not to. The patient was primarily affected by severe neuropathic pain unresponsive to Pregabalin 50 mg po Q8H. Straightening her left elbow precipitated excruciating, electric shock like pain that radiated down her forearm into the medial two digits. Her past history was significant for right sided surgeries, including shoulder (2009) and elbow (2004) arthroplasties as well as ulnar nerve subcutaneous transposition (1994).
On examination, she was irritable and in great discomfort. She preferred to brace her elbow in a band to prevent movement. Her carrying angle was 38°( Fig. 1 ). She had an ulnar claw deformity secondary to severe weakness and atrophy affecting the ulnar innervated extrinsic and intrinsic hand muscles. She had a positive Froment's sign and no two-point discrimination in her ulnar 1-1/2 digits. The dorso-ulnar aspect of the hand was also insensate. A Tinel's sign could be elicited at the elbow but not at the wrist.
Plain films of the left elbow ( Fig. 1 ) revealed a marked cubitus valgus deformity, an absent radial head, and a dislocated proximal radio-ulnar joint which caused the radius to lie anterior and medial to its normal position. An ultrasound (USG) examination revealed that the left ulnar nerve was enlarged proximal to the cubital tunnel but indistinct behind the osteophytes along the medial aspect of the humero-ulnar joint (Fig. 2) giving the impression that the nerve entered the joint but disappeared within it. There was a large elbow joint effusion.
Electrodiagnostic studies documented severe ulnar neuropathy at the level of the left elbow. The ulnar motor nerve conduction velocity was 24 m/s and the amplitude of the compound motor action potential at the abductor digiti minimi on the left side was 2.5 mV. Inching studies showed localized conduction slowing at the level of the left elbow. Needle EMG revealed fibrillations, reduced recruitment, and complex motor units in the first dorsal interosseous and flexor carpi ulnaris. The ulnar sensory nerve action potentials were absent.
Surgery was performed to help with the refractory neuropathic pain. Intraoperatively, the nerve was severely scarred in the retrocondylar portion. Here, the nerve was attenuated to 40 % of its diameter over a segment 2 cm long ( Fig. 3) and was incorporated into the joint capsule. A rent was produced in the capsule while attempting to mobilize the ulnar nerve. A copious amount of viscous green synovial fluid was evacuated. Microbiological, cytological, and biochemical analyses were noncontributory. The nerve was tethered into the joint by a fibrous band (Fig. 3b , c) which on biopsy revealed fibrosis and synovial tissue. The ulnar nerve was transposed subcutaneously after freeing it over a length of 15 cm around the elbow joint and excising the medial intermuscular septum. The rent was repaired in layers using a double-breasted suturing technique to bury the deeper stitch line. The superficial stitch line was similarly reinforced by mobilizing and then suturing the fascia over the common flexor-pronator origin and behind the medial epicondyle to achieve a multilayered closure. Finally, an additional flap was placed to conceal this stitch line by mobilizing the skin flap posterior to the skin incision. The elbow was immobilized in a plaster slab for 3 weeks.
At the first postoperative visit, 3 weeks later, the patient was pain free. She had gained some function of her palmar and dorsal interossei ( Fig. 4) . At 2 years follow-up, she still had an unstable elbow and a dense residual ulnar neuropathy but was pain free.
Discussion
An intra-articular position is a rare, but known complication occurring after trauma or reduction. Several case reports have described the fractured medial epicondyle, especially in children, dislocating with the ulnar nerve within the elbow joint [5, 21, 27] . We identified only one case of a spontaneously occurring intra-articular ulnar nerve in a patient with severe deforming elbow arthritis related to rheumatoid arthritis (carrying angle unknown) [14] .
In our case, we believe that the cubitus valgus deformity which resulted from advanced, chronic changes of degenerative osteoarthritis set into motion a series of biomechanical events. Cubitus valgus results in a lateral displacement of the humero-ulnar axis. This creates a torque (moment) which places extra stress on the medial collateral ligament. Over time, or with chronic overuse/microtrauma, inflammation and synovitis occurs, leading to medial collateral ligament rupture, attenuation of the joint capsule, and elbow instability. The same factors by themselves, or combined with ones previously discussed, can also lead to (tardy) ulnar neuropathy. Increased valgus stress (without bony deformity), such as in overhead athletes, may lead to medial collateral ligament laxity, ulnar nerve symptoms, or both. Ganglion cysts are well described in patients with degenerative joint disease of the elbow [2, 11] and even cubitus valgus [10] . The extraneural ganglion cyst in our patient was both a manifestation of the altered mechanics but could have been a potentiator of the process. We believe that the intracapsular location of the ulnar nerve is an extreme of the same biomechanical principles. In our case, the same capsular defect could have provided the potential opening through which the nerve could have buttonholed itself. Elbow flexion which has detrimental effects on pressures on the ulnar nerve [9, 16] may have increased the laxity or opening in the joint, especially in a setting of a stiff elbow and likely low capsular compliance [8] . Elbow motion seemed to provoke symptoms, potentially from the bony impingement on the nerve. Due to the associated pain, it is probable that the patient began immobilizing her elbow and adhesions developed which made subsequent movement even more painful. Motion may have partially denuded the ulnar nerve between the bony surfaces. From a mechanistic point of view, it would have been interesting to perform dynamic clinical and USG testing of the elbow, but this was not feasible or practical due to her pain. While our patient had partial attritional rupture of the ulnar nerve, the case of Moore and Weiland [14] had a complete rupture. Both of these patients had dramatic improvement in pain following surgery.
The corollary to this explanation relates to a mechanism proposed by our group to show the effects of longstanding cubitus varus deformity resulting in lateral collateral ligament changes and posterolateral rotatory instability. The triceps line of pull is consequently shifted medially, which in turn displaces and/or compresses the ulnar nerve. This can lead to ulnar neuropathy and dislocation of the ulnar nerve and a portion of the medial triceps [17, [23] [24] [25] .
In our case, the goal of surgery was to improve pain. Given the patient's age, the longstanding nature of the bony deformity, and neurologic deficit, additional reconstruction was not felt to be indicated. Still, we were quite gratified by the immediate and sustained resolution of the pain and surprised by the minor improvement in neurologic function (Fig. 4 ). We were also pleased that a synovial fistula did not develop with its attendant risks of septic arthritis and the subsequent need for débridements, antibiotics, and ultimately regional myocutaneous flap coverage [6, 12] . We recognize that in other situations, additional bony and ligamentous reconstruction may have been deemed appropriate to correct the complex deformity as well.
Conclusions
We believe that the combination of findings associated with cubitus valgus deformity in this patient is understandable on a biomechanical basis.
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